INTRODUCTION
============

Renal stones (calculi) have afflicted the human population for thousands of years, having been identified in Egyptian mummies, and even make up part of the classical Hippocratic Oath from the 4^th^ century BC^[@b3]^ Renal stones can be identified in 8% of the population^[@b2]^, which translates to 148160 people living with renal stones in Northern Ireland. In the United Kingdom renal colic is common, with 12% of men and 6% of women having at least one episode of renal colic in their lifetime, with the annual incidence of 1-2 per 1000 and incidence peaking at 40-60 years of age for men and late 20's for women.^[@b2],[@b4]^ This translates to a potential 3752 patient presentation per year for renal colic in Northern Ireland, with potential for consuming Emergency Department time and resources. The difference between male and female risk is decreasing, this is likely due to the increase in obesity and western diet.^[@b5]^ The overall incidence of renal stones is rising. In America, an incidence rate of 1 in 20 in 1994 has almost doubled to 1 in 11 when compared to year 2007-2010 data.^[@b7]^ The risk of further stone development is high, with 30% to 40% chance of recurrence at 5 years.^[@b5]^

The aim of the study was to present the epidemiological data for renal stone composition for Northern Ireland. The data could aid planning of the urological service including treatment and prevention of patient's renal and ureteric stones. A retrospective review of 5.75 years of renal and ureteric stones submitted for analysis was conducted between 2008 and 2013, to allow for adequate numbers and an appreciation of the growing demand for the service. The European Association Urology (EAU) states that composition of the stone is important for future treatment and prevention strategies^[@b1]^, hence the need for renal stone analysis. Stones are classified in many ways, the commonest is grouping by their biochemical constituents.

MATERIALS AND METHOD
====================

The retrospective study period was from January 2008 to September 2013 inclusive. A consecutive list of urinary tract stones was generated by the central laboratory responsible for analysis. The majority of Northern Irish renal stones are sent for analysis at the same laboratory. During the study period all stones were analysed with wet chemistry methods. Exclusion and inclusion criteria are demonstrated in [](#f01){ref-type="fig"}[table 2](#f02){ref-type="fig"}.

Table 1Common Renal Calculi^[@b2]^

Table 2Inclusion and exclusion criteria

RESULTS {#r02}
=======

Between the 04/01/2008 to the 18/09/2013 a total of 1618 renal and ureteric stones were analysed. Overall, 1.93:1, male to female ratio. The number of stones analysed per year is demonstrated in [Table 3](#f03){ref-type="fig"}, with an increase of 132.9% calculi analysed from 2008 to 2012 (most recent complete year).

Table 3Number of Stones Analysed per year

Overall distribution of patient age for stones analysed, [table 4](#f04){ref-type="fig"}, noted age range of 16-94 years (mean 52.2 years).

Table 4Number of Stones per Year per Age Group

Calcium containing stones totalled 94.5% (1529) of all stones analysed. Calcium oxalate mixed with varying concentrations of phosphate was 73.1% (1182) of stones. Pure calcium oxalate stones totalled 2.5% (40). No pure calcium phosphate stones were reported. Reviewing the written reports of the 1182 stones reported as calcium oxalate containing phosphate, there were 8 reports not specifying the type of calcium phosphate, otherwise apatite was listed, but not brushite.

Uric acid containing stones totalled 9.6% (156). There were no pure ammonium urate stones, but there were 1.1% which contained ammonium urate in part.

Overall 13.7% of stones were Struvite containing. Of these 99% contained some degree of calcium oxalate and 51.8% contained some dahilite (carbonate) in composition. Overall, as expected, 1.1% of analysed calculi were cystine based.

DISCUSSION {#sec-7}
==========

The number of stones being analysed has increased considerably year on year, for all age groups, during the study period (132.9%, 2008 year to 2012). The population of Northern Ireland is increasing,^[@b8]^ as is the rate of obesity,^[@b9]^ and so there will be a continued predicted increase in renal stone presentations. To ensure the most reliable results, the EAU recommend infrared spectroscopy or x-ray diffraction^[@b1]^ over the wet chemistry method which was practised during this study period. Smaller samples are able to be analysed using infrared spectroscopy over wet chemistry, with a moderate increase in cost^[@b16]^. Whilst x-ray diffraction allows exact differentiation of all crystalline components, the high cost is often restricting^[@b16]^. It is unlikely that analysis by infrared spectroscopy or x-ray diffraction would see a significant shift in stone composition for Northern Ireland.

The 31-60 year old age group demonstrated the largest number of renal stones analysed each year of the study, in keeping with expected age of first calculi presentation.^[@b2]^ However with an aging population,^[@b8]^ the over 61 years group had the highest increase in stone analysed with a 173.8% increase (2008 to 2012 complete years).

Northern Irish calculi do not demonstrate any dramatic deviation away from the normal text book distribution for composition or epidemiological distribution.^[@b2]^ There does appear to be a possible higher proportion of calcium oxalate calculi containing some degree of calcium phosphate, comprising 72.9% of calculi analysed. Mixed calcium oxalate and phosphate calculi are common,^[@b2]^ tending to have a higher urinary pH then those with pure calcium oxalate stones, and demonstrate lower urinary citrate, hypercalciuria, and patients experience more frequent stone events.^[@b10]^ Given the high proportion of calcium oxalate containing phosphate, this may be associated with incomplete distal tubular acidosis in the population.

Calcium phosphate in the form of brushite is a high risk for recurrence, but in the 5 year study only a possible 8 brushite calculi were identified, the remainder being calcium phosphate in the form of apatite.

Cysteine stones comprised 1.1% of stones analysed, in keeping with the expected number.^[@b2]^ These stones are more likely to present in the paediatric population, where they comprise 6-8% of stones. Their management is multimodality, including paediatrics, renal, urology and dieticians,^[@b11]^ and given the small numbers in Northern Ireland, may be best managed under a centralised team. The adult fluid urine output should aim to exceed \>3L/day, with dietary restriction in methionine and salt intake no greater then 2g/day to reduce recurrence.^[@b1]^[](#t05){ref-type="table"}

Table 5Stones by composition, age and sex for Northern Ireland 2008 - 2013Stone compositionAGE 16-30 yearsAGE 31-60AGE 61+Male to Female ratioOverall totalMaleFemaleMaleFemaleMaleFemaleCalcium Oxalate and Phosphate76 (6.4%)38 (3.2%)530 (44.8%)211 (17.9%)230 (19.5%)97 (8.2%)2.4:11182 (73.1%)Calcium Oxalate0019 (47.5%)7 (17.5%)7 (17.5%)7 (17.5%)1.86:140 (2.5%)Uric Acid0026 (37.1)6 (8.6%)32 (45.7%)6 (8.6%)4.83:170 (4.3%In Part Uric acid01 (1.2%)31 (36%)12 (14%)37 (43%)5 (5.8%)3.8:186 (5.3%)Struvite10 (4.5%16 (7.2%)39 (17.6%)74 (33.3%)35 (15.8%)48 (21.6%)1:1.6222 (13.7%)Cystine3 (16.7%)5 (27.8%)5 (27.8%)4 (22.2%)01 (5.6%)1:1.318 (1.1%)Total89606503143411641.93:11618

The gold standard for adult identification of renal or ureteric calculi is a non-contrast CT KUB (Kidney, Ureter, and Bladder).^[@b2]^ Since 94.5% of all calculi analysed contained some degree of calcium, this may aid calculi identification on plain X-ray KUB. Thus a plain x-ray KUB should be conducted the same day as identification of calculi on CT KUB if conservative or pharmacological management of calculi is planned.

The potential for a treatable cause of calculi production highlights the need for these patients to undergo at least a basic calculi workup, and can be undertaken prior to urological or endocrinology review. This must include medical history, drug history, prior renal calculi or family history, urinalysis (especially pH) and blood for renal function, calcium and uric acid. Primary hyperparathyroidism is responsible for an estimated 5% of calcium stone formation, with 20% of patients with primary hyperparathyroidism forming stones.^[@b10]^

Patients can potentially reduce their risk of calculi formation by undertaking general preventative measures. Such as fluid intake of 2.5-3.0 l/d (litres a day), aiming for a urine output of 2.0-2.5 l/d, normal calcium intake (1-1.2g/d), low salt (NaCl 4-5g/d), reduced animal protein (0.8-1.0 g/kg/d).^[@b1]^ Obesity is on the rise with 61% of adults measured in Northern Ireland 2014, are either overweight (37%) or obese (24%),^[@b12]^ but a BMI of 18-25 should be the aim to reduce risk of stones, as well as other health benefits.^[@b1]^

With the rise in obesity in Northern Ireland, the number of uric acid stones and also calcium oxalate stones may increase.^[@b13]^ There would be the potential to treat more patients medically, with chemo-lysis of their uric acid stones, and thus avoiding potential surgery. The identification of stone composition is becoming more reliable with the use of diagnostic non-contrast CT, as well as reducing radiation dose.^[@b14]^

The data gives an extensive view of renal calculi composition with age and sex distribution throughout Northern Ireland. Data is incomplete from the Western Trust however, with the majority of their calculi sent to Birmingham for analysis. The addition of these calculi is unlikely to change the overall impression given the large numbers already involved in the study, covering a population of 1.63 million, from a total Northern Irish population of 1.876 million^[@b17]^.

The stone burden for Northern Ireland is likely to increase, requiring an increase in surgery. The dramatic 173.8% increase in the 61 year old and beyond group could provide challenges to future surgery and increasing risk to the patient with an age related increase in co-morbidity.^[@b15]^ To limit the burden on the health care system, preventative measures should be undertaken at a population level, tackling adequate hydration and obesity.
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